The objective of this study is to estimate the production costs and profitability of corn cultivation in the setup phase of the crop-livestock-forest integration system for pasture recovery in the municipality of Pindaré-Mirim/MA, Brazil. The study was developed at the Technological Reference Unit (TRU) for the Integration of Crop-Livestock-Forest (ICLF) of Embrapa Cocais, located in the municipality of Pindaré-Mirim/MA, Brazil. Data collection occurred during the agricultural year 2015/2016. The management of the ICLF system was carried out following the molds of the "Santa Fé" technique. The cost of production was used to calculate the Total Operational Cost (TOC) and were extrapolated per hectare. For the economic analysis of corn production, three different prices were considered: (a) the price received by the producer; (b) the historical average of the last 30 months to the date of actual sale of the product; and (c) the minimum guarantee price of the federal government. The TOC was found to be US$ 1,672.72 per hectare. The economic efficiency indicators showed promising profit values, demonstrating that in this study with corn production in the 1st year, it would be possible to pay for the implementation of the ICLF system as an alternative for the recovery of degraded pasture.
Introduction
The current specialized production systems, based on monocultures, have been increasingly inefficient regarding yields, making it more difficult to develop new systems that can be more successful, and which may have higher revenues per hectare. Currently, the use of productive diversification systems has been successfully used within the same area, with two or more production systems being explored, improving the perspective of generating economic return to the producer.
The crop-livestock-forest integration system (ICLF) is a form of diversified production, developing various activities and crops within the same area in the farm, to maximize profit and reduce risks. ICLF can provide considerable increases in the production of meat, wood and grains in the same area (Pacheco et al., 2015) . In addition to being economically viable (Muniz et al., 2007b) , it also reduces the risks for the producer (Muniz et al., 2007a ).
The ICLF is one of these diversification strategies. It represents a production technology that integrates agricultural, livestock and forestry production systems, in a spatial and/or temporal dimension, seeking synergic effects between the components of the agroecosystem for the sustainability of the farm. Considering its environmental suitability, the valuation of human and natural capital and the economic viability of the production system (Balbino et al., 2011) .
The potential economic benefits of these integrated systems can be reflected in economies of scope (cost reduction due to the production of multiple products) or diversification risk reduction effects. In addition, they may involve lower production variability and higher yields (Cordeiro et al., 2015) .
Degraded areas and/or with low yields can be recovered with the adoption of integrated forest farming (ICLF), which, in turn, consists of the implantation of different production systems of grains, fibers, meat, milk, agroenergy, among others, In the same area, in intercropping, sequential or rotational planting, taking advantage of the synergism existing between them, thus having a greater productive benefit and in the protection and conservation of the environment (Alvarenga et al., 2006) .
For the recovery of degraded pastures one of its constraints is its prohibitive cost of renovation, with the adoption of the ICLF, using the consortium of two grasses, it can meet the objectives of providing feed for the cattle ranch, in the period between the end of summer until the beginning of spring, and provide income from the sale of grains, reducing expenses (Tavares, 2012).
To minimize the cost of pasture reform, ICLF has been shown to be a viable alternative for the conditions in Maranhão state (Brazil), defining a sustainable production strategy that integrates agricultural and livestock activities, carried out in the same area, in intercropping, with synergistic effects among the components of the pasture (Kluthcouski et al., 2003) . In addition, it is relevant to highlight the importance of the economic viability of agriculture.
Corn (Zea mays L.) stands out in the context of ICLF due to the countless applications that this cereal has on the farm, whether in animal feed in form of grains or in green or silage, in human nutrition or in the generation of revenue through the marketing of surplus production (Alvarenga et al., 2006) .
According to Borges (2011) , the use of corn crop in the ICLF system is feasible and advisable, bringing a greater diversification of income. It is particularly interesting to use the corn crop for the formation of intercropping systems due to the simplicity of its conduction and its range of use in the face of climatic diversities (Macedo et al., 2006) .
The implementation of the ICLF system in farms has benefited its components, often increasing yields and profitability within the same area compared to conventional systems, making it a strategy to be adopted. In addition to being a system that can be deployed in most farms considering local resources as well as the needs of producers. Thus, the ICLF system aims to change the land use system, based on the integration of the components of the production system, aiming to achieve higher levels of product quality, environmental quality and competitiveness (Sandini, 2011) .
However, before choosing to invest in any production system, it is necessary to analyze its economic viability and its risk. This is a set of information of a quantitative and qualitative nature that allows to estimate the scenario based on a chosen alternative (Kassai et al., 2005) . In this context, the objective of this study was to estimate the cost of production and the profitability of corn cultivation, in the short term, in the implementation of the ICLF system for pasture recovery in the municipality of Pindaré-Mirim, of Maranhão (MA, Brazil), using the consortium with eucalyptus and a forage species.
Materials and Methods
The study was developed at the Technological Reference Unit (TRU) for the ICLF of Embrapa Cocais, located in the municipality of Pindaré-Mirim/MA (Brazil), Micro-region of Pindaré, at latitude coordinates 3º46′13.60″S, longitude 45º29′42.00″W, and with altitude of 28 meters above sea level. According to the classification of Koeppen (1948) , the local climate is AW type (hot and humid), with an average annual temperature of 26.0 ºC and average annual rainfall ranging from 1,600 to 2,000 mm (Geplan, 2002) .
The soil class of the farm where the experiment was installed is classified as Hapless Plinth. In relation to its relief, this one has variations of soft-waved to waved, being covered originally by vegetation of tropical forest subperenifolia dabótilo-palmácea babaçual, dominant in the Mid-North region of the State of Maranhão (Maranhão, 2003) .
In the experimental area, a soil analysis was carried out, followed by the delimitation of the treatments to be implemented. The recommendations applied regarding fertilization were according to the result of the soil analysis (Table 1) . According to the results of the soil analysis, liming was not necessary. , was carried out to prepare the area and implantation of the ICLF. After the emergence of corn, the application of the post-emergent herbicides was made, Atrazine and Kyron, with dosages of 3.0 and 0.5 L ha -1 , respectively, for the initial grazing control.
Planting of corn and grass seeds was carried out with the aid of a no-tillage seeder-fertilizer with separate compartment for the distribution of grass seeds. For fertilization of planting, 400 kg ha -1 of the formulated fertilizer NPK 04-30-10 + 0.5% of Zn was used, being its distribution in furrows with a depth of 5 cm and next to the corn seeds. After 10 days of corn germination, the first fertilization was performed with 160 kg ha -1 of urea and 100 kg ha -1 of potassium chloride, and the fertilizer was applied with the aid of a fertilizer in the furrows between the lines of corn. The second cover fertilization occurred 10 days after the first one with 160 kg ha -1 of urea and 100 kg ha -1 of potassium chloride, adopting the same procedure as the first fertilization. Data was obtained from the agricultural year 2015/2016. The management of the integration system was carried out following the "Santa Fe" model (Kluthcouski et al., 2000) , this type of management aims at the recovery of areas in a situation of mild or moderate degradation, which the soil still has productive capacity and it is necessary to carry out an adequate management to improve the structuring and conservation of the same. In this management, corn intercropped with pasture was planted. Corn intercropping was carried out in accordance with the recommendations of EMBRAPA (2015).
The costing methodology used was the TOC of production, according to Matsunaga et al. (1976) and Montes et al. (2006) , which is made up of the sum of direct expenses of costing: performed operations, inputs (fertilizers, seeds, pesticides write the other inputs), labor and machinery, called effective operational cost (EOC). For indirect expenses, such as depreciation, social and financial charges, were considered a 5% of the EOC (Matsunaga et al., 1976; Barbosa et al., 2014) , being considered this percentage due to the accomplishment of the study occur in experimental areas. With the sum of EOC and indirect costs, the TOC was obtained, which were extrapolated per hectare.
For economic analysis of corn production, three different prices were considered: (A) the price received by the producer in the 2015/2016 harvest, being the sale done by producer himself, where the buyers went to look for to the producer due to the lack of offer of the producer to the region; (B) the historical average of the last 30 months to the date of actual sale of the product; and (C) the minimum guarantee price of the federal government in force during the 2015/2016 harvest period. For the study, the economic evaluation to be carried out based on these three types of prices, which are mechanisms for planning possible revenue to be obtained by the producer, was used based on the real perspectives made available by government agencies (CONAB, 2016), serving as the basis for the producer of the prices that will be practiced for the agricultural year and for the history of the years.
The indicators defined by Martin et al. (1998): a) Gross Revenue (GR): production per hectare multiplied to a pre-defined or effectively received sales price, i.e., GR = Prod × Pr, where, Prod = production per unit area and Pr = product price; b) Gross Margin (GM): margin, in relation to the EOC, that is, the result that remains after the producer has paid the actual operating cost and in relation to the same cost (in percentage) considering a given unit price of sales and the yield of the production system for the activity, i.e. GM = ((GR -EOC)/EOC) × 100; c) Operational Profit (OP): difference between gross revenue and total operating cost per hectare, that is, OP = GR -TOC; jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 6; 2017 d) Profitability Index (PI): ratio between operating income and gross revenue, in percent, where, PI = (OP/GR) × 100; and e) Leveling Point (LP): is a relation of costs, between total operation cost and the product price unit, where, LP = TOC/Pr.
In the present study we adopted the concept described by Robson (1996) , of a case study. The established economic coefficients were extrapolated to real field conditions values, according to the practices usually performed by regional producers, and the values obtained per hectare were demonstrated. Also, since the research was carried out in a demonstrative area, the items related to the fixed costs of the activity, such as land remuneration, pro-labor of the producer, and interest on facilities, improvements, machinery and equipment, were not considered.
Results and Discussion
The total and actual operating costs recorded in the experiment were estimated at one hectare, and the TOC of US$ 1,672.72 per hectare was found. This amount corresponded to the sum of the EOC plus the overhead. Regarding EOC, which represents all the monetary disbursements made by the producer, this totaled US$ 1,593.06 ha -1 , representing 95.24% of total costs (Table 2) . , with a 32.37% participation in the TOC. The lack of specialized companies for the sale of inputs in the region, being necessary for the acquisition in distant regions of the productive area, was one of the reasons for this high cost. Fertilizers carried out followed the recommendations for the cultivation of hybrid corn, which has high productive performance and higher nutrient requirement, accentuating the cost with fertilizer acquisition.
The second largest cost was labor, which had an expense of US$ 415.77 ha -1 , with a 24.86% share of the TOC. The high cost in this case is due to the fact that the region where the experiment was developed is considered an area of extensive livestock production. This contributed to the lack of specific machinery for the development of the agricultural activity, and the machinery rent is unfeasible in the region. For the accomplishment of the work, it was necessary the hiring of workers for manual activities, which promoted an increase in the cost of production.
Expenditures on seeds and seedlings totaled US$ 263.29 ha -1 , with a participation of 15.74% in TOC. The need to acquire certified and quality material is a preventive cost, therefore there was no savings in the acquisition of these materials, mainly because they are essential for a performance and establishment of the ICLF system with high productivity of the components according to their potential genetic.
The costs of pesticides were US$ 193.04 ha -1 , with an 11.54% share of the TOC. The expenditures with these inputs were made depending on the need to manage the corn crop and other components of the ICLF system, in which grass growth control was necessary, in this case Atrazine and Kyron, so that pasture would not compete with corn at the most susceptible time. In addition to the preventive use against pests and diseases for both the agricultural crop and the forest component we use Atrazine and Kyron.
The cost of machinery and operations, had a value of US$ 179.43 ha -1 , using a 10.73% of the TOC. As the region did not have specific machines for grain crops, the use of these implements was small, with only one-off operations, such as planting with sowing machine and the use of combine harvester.
The gross revenue achieved in relation to the price received by the producer in the 2015/2016 harvest and the historical average of the last 30 years to the actual sale date was sufficient to cover the TOC, only in relation to the minimum price the producer could not pay his costs operations (Table 3) . In relation to productivity, an average yield of 159 sacks per hectare, 9,540 kg ha -1 , was obtained, comparing CONAB (2016) estimate for the harvest of 2015/2016 and the June survey, the month in which the harvest occurred, the value found was 3.5 times higher than the average for the state, 2,666 kg ha -1 , and 1.9 times higher than the Brazilian average, 4,797 kg ha -1 .
The results found for the gross margin, considering the price received by the producer at the time of sale and the historical average, there was a better remuneration on the investment in the corn crop and the payment of the costs. Regarding the minimum price, if the producer opts for this type of remuneration, he should reduce his production costs. Otherwise, for the conditions of this study, he will be investing in an activity that will cause him loss.
Ensuring broad access to these factors of production is a necessary strategy to ensure attractiveness to ICLF. High productivity increases the demand for modern inputs and capital goods. The crop-livestock integration can jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 6; 2017 have a favorable effect on the reduction of production and price risk by the diversification of activities. However, the high capital demand of these systems increases the financial risk of the enterprise (Martha Junior et al., 2011) .
The net margin, also known as profit, for the price received by the producer at the time of sale and the historical average, obtained an economic return per hectare very favorable to its implantation, being the minimum price the only one that does not give profit. In addition to obtaining profits per hectare, the sales companies paid the costs of the recovery and/or formation of the pasture and the forest, which could be a complementary income in the off-season.
Regarding the profitability index, it was attractive to invest with corn in an ICLF system when the sale of the bags occurred using the price received by the producer at the time of sale and the historical average, with a return of 45% to 10%. The only case in which the producer did not have profitability is sold according to the minimum price.
In relation to the leveling point, the minimum quantity to be produced for the activity to be non-detrimental, had value obtained from bags per hectare sufficient to pay the productive costs using the price received by the producer at the time of sale and the historical average. However, when it was sold over the minimum price, the quantity produced was not enough to cover costs.
The economic efficiency indicators presented promising values of profit, demonstrating that in this study with corn production in the 1st year it would be possible, besides the payment of the ICLF system implementation, as an alternative for the recovery of degraded pasture, a short-term income for the producer.
Conclusion
The use of the corn crop in the ICLF system is an economically viable alternative for the Pindaré-Mirim region, when the product was sold taking into account the price at the time of sale and the price of the history of the last 30 years is and it is recommended to use this technology for the region, since it can pay the costs of recovering a degraded pasture and still obtain an economic return from the sale of corn bags.
